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In Search of the
Elusive Vulnerable Plaque
Reducing the Gap Between
Coronary Imaging and Necropsy Findings*
Robert L. Wilensky, MD
Philadelphia, Pennsylvania
Over the past decades, considerable time, effort, and money
have been expended to identify patients at increased risk of
future coronary ischemic events and detect the offending
high-risk, vulnerable lesions. Biochemical and genetic
markers are useful for demonstrating a high-risk group but
are less helpful in determining the exact risk for an individ-
ual patient. Although necropsy data and preclinical and
clinical studies have lent insight into mechanisms by which
lesions considered “vulnerable” cause acute coronary syn-
dromes (1), investigators have been unable to pinpoint with
any degree of acceptable certainty which lesion will become
unstable and symptomatic over a defined time period.
Nonetheless, such research has improved our understanding
regarding the pathophysiology of such lesions, thereby bridg-
ing the gap between imaging and postmortem assessments.
See page 1041
Although necropsy-based studies are important because
they assess lesion characteristics, they cannot show the
dynamic changes of such lesions present before the precip-
itating event. Several lines of evidence, derived from imag-
ing studies, have shown that lesion severity and morphology
are dynamic and progressive before clinical expression.
Glaser et al. (2) demonstrated, by using coronary angiogra-
phy, that the majority of lesions which later became unstable
were not high-grade angiographic stenoses, possessing a
mean lesion stenosis of 42  21%, which then increased to
84  14% at 1 year. The PROSPECT (Providing
Regional Observations to Study Predictors of Events in
the Coronary Tree) study showed, according to intravas-
cular ultrasound, that the mean stenosis of lesions which
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relevant to the contents of this paper to disclose.subsequently caused cardiovascular events was 32  21% at
baseline, increasing to 65  16% in the 3.4-year follow-up
period (3). Independently, Tanaka et al. (4) and Toutouzas
et al. (5) have shown that plaque rupture causing an acute
coronary syndrome can occur in fibroatheromas, which
possess a cap thickness up to 140 m, whereas PROSPECT
howed that subsequent acute coronary syndromes were
ften caused by plaques originally characterized as fibro-
theromas (3). Kubo et al. (6) reported that plaque mor-
hology can change over 1 year, with thick-cap fibroathe-
omas developing into thin-cap fibroatheromas (TCFAs)
nd vice versa. Hence, given the dynamic nature of athero-
clerotic plaques, it is difficult to determine which lesions
ill become unstable, based only on a single imaging
valuation.
Narula et al. (7), in this issue of the Journal, evaluated 295
therosclerotic coronary lesions obtained from sudden car-
iac death victims. Disrupted plaques (n  102), TCFAs
n  88), and fibroatheromas (n  105) were assessed with
the goal of determining those phenotypic characteristics of
disrupted plaques and TCFAs that potentially could aid in
their detection by using coronary imaging. Using recursive
partitioning analysis, the dominance of individual plaque char-
acteristics and combinations of features playing a potential role
in plaque rupture were assessed.
Cap thickness was the most discriminatory characteristic
(7). This finding is not surprising in that TCFAs, which are
defined by their thinner cap thickness, were a priori defined,
thereby differentiating them from fibroatheromas. Of inter-
est, however, was that only 12.9% of plaque ruptures but
87.4% of TCFAs had a cap thickness that exceeded 53.5
m. This finding suggests that monitoring cap thickness
may be an option for predicting future behavior of an
atherosclerotic lesion. However, the data are somewhat in
variance with the data from Tanaka et al. (4) and Toutouzis
et al. (5). Excluding fibrous cap thickness from analysis,
plaque inflammation allowed separation of plaque rupture
and TCFAs from fibroatheromas with a discriminatory level
of inflammation 0.2 mm2 macrophage area/high-power
icroscopic field. Further separation of plaque ruptures and
CFAs from fibroatheromas was indicated by the simulta-
eous presence of plaque inflammation and a necrotic core
rea 3.5 mm2. Necrotic core area is a measure that could
be made noninvasively. Studies using computed tomogra-
phy (CT) angiography have revealed that putative lesions
causing acute coronary syndromes possess areas of low
attenuation, assumed to be a necrotic core, and are fre-
quently associated with expansive remodeling. Such plaques
were associated with a subsequent 22.5% acute event rate
over 2 years compared with0.5% rate in the absence of the
aforementioned morphology (8).
The current results also showed that 69.6% of plaque
ruptures had a 75% luminal area stenosis, and 24.5% had
a 50% to 75% stenosis (7). Conversely, only 38.6% of the
TCFAs demonstrated a 75% stenosis, with 51.1% having
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75% stenosis and 41% had a stenosis of 50% to 75%.
Hence, luminal area stenosis does not discriminate, given
the substantial overlap in the range of stenoses among the 3
groups. However, TCFAs with greater luminal area steno-
ses may have an increased risk of future rupture based on the
findings of PROSPECT, in which the event rate of lesions
with a plaque burden 70% was 9.6%, the single greatest
predictor of subsequent events (3). Similar findings were
found by the VH-IVUS in Vulnerable Atherosclerosis
(VIVA) investigators (9) in that 9 of 13 nonculprit lesions
causing a coronary event had a plaque burden of 70% and
support Falk’s necropsy data showing increased coronary
arterial occlusion in the setting of stenoses75% in severity
(10). Therefore, while in itself plaque burden is not discrim-
inatory, it seems that any in vivo determination of a
high-risk lesion should include a plaque burden 70% in
addition to a necrotic core area 3.5 mm2 and, if possible,
a cap thickness of 85 m (as defined by Narula et al. [7]).
Questions remain. In this study, 231 patients were
ictims of sudden cardiac death, of which only 102 (44%)
uffered a plaque rupture (7). So what were the causes of
eath in the remaining 56%? In addition, the data showing
hat ruptured plaques had a greater mean plaque area are not
ovel because previous necropsy and in vivo imaging has
hown similar results (2,3,9). By extrapolating the data to
efine a TCFA with an increased risk of rupture as one
ossessing a fibrous cap 53.5 m is of interest; however,
t the current time, only optical coherence tomography, an
nvasive method, has the resolution to accurately determine
ap thickness. Finally, there were 88 plaques defined as
CFAs, which were not ruptured but were considered high
isk; the detection of these plaques is the goal of coronary
maging. Although similar in morphology to the disrupted
laques, we still do not know what they will look like or
heir behavior over time.
So how do these data help imagers assess future behavior
f coronary atherosclerotic lesions? If one applies the data
resented by Narula et al. (7) to prospectively detect and
reat lesions at danger of subsequent instability to reduce the
isk of sudden cardiac death and myocardial infarction, one
ould need an approach that precisely determines cap
hickness, plaque and necrotic core areas, and the degree of
nflammation. This is a task no current single technology
an address. Given the cost, the time involved, and the
ossible complications, it is unlikely that serial invasive
maging will be performed in asymptomatic patients to
etermine which lesion will potentially, at a later time point,
ause acute myocardial infarction or death. Conversely, one
ould conceive of a possible clinical approach by evaluating
atients with a high Framingham risk score by using
iomarker and genetic analyses. Thereafter, in selected
igh-risk patients, CT angiography would be used toetermine the presence of lesions with a high-risk pheno-
ype (i.e., lesions with areas of low attenuation and expan-
ive remodeling). CT angiography will also determine
laque area. Serial CT imaging, over defined time points,
ould determine the degree by which the high-risk lesion
ndergoes dynamic changes in morphology, thereby indi-
ating its propensity toward future instability. If there is
apid growth in plaque and necrotic core areas, an invasive
ssessment of inflammatory index and fibrous cap thickness
ould be performed with an eye toward prophylactic lesion
odification. Newer stents with thinner struts or biode-
radable stents could be used with acceptable low procedural
omplication rates. In this way, the distinction between
reventive and interventional cardiologists would narrow,
nd dangerous unstable coronary events could be anticipated
nd prophylactically treated rather than the current para-
igm of responding and reacting to the event.
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